OBJECTIVES: Prior studies have found that cardiac surgery patients receiving blood transfusions are at risk for increased mortality and morbidity following surgery. It is not clear whether this increased risk occurs across all haematocrit (HCT) levels. The goal of this study was to compare operative mortality in propensity-matched cardiac surgery patients based on stratification of the preoperative HCT levels.
INTRODUCTION
Twenty percent of blood transfusions in America are associated with cardiovascular surgery, with 13% of them going to patients undergoing some combination of coronary artery bypass grafting (CABG) and valve surgery [1, 2] . Blood transfusion in cardiac surgery has been shown to be associated with decreased survival rates, some citing as high as a 70% increase in late mortality [3, 4] . Even small amounts of blood products can be detrimental.
Risk of low-output heart failure is increased by 27%, and both short-and long-term survival are decreased when patients under the age of 80 receive just 1-2 units of blood [3, 5] . In cardiac patients over 80, the use of blood products was shown to be detrimental, although a recent study did not find this association [6] . Even in patients who were considered low-risk preoperatively, the transfusion of blood added significant risks for cardiac events, infection and morbidity postoperatively [7] . Other hazards associated with transfusions are transfusiontransmitted infections (such as human immunodeficiency virus (HIV) or hepatitis and the newly discovered Creutzfeld-Jacob disease and the dengue virus) and non-infectious complications [4, 8] . Non-infectious complications include acute transfusion reactions (such as allergic, haemolytic, hypotensive and febrile reactions), transfusion-related acute lung injury (TRALI), and transfusion-associated circulatory overload (TACO) among others. It is believed that the incidence of non-infectious complications is under-diagnosed and under-reported [4] .
Traditionally, the '10/30 Rule' has been used to guide transfusions. The 10/30 refers to haemoglobin (HMG) levels <10 g/dl or haematocrit (HCT) levels <30%; however, this standard has fallen into disfavour for more contemporary, evidence-based guidelines [9] . The current Society of Thoracic Surgeons (STS) and The Society of Cardiovascular Anesthesiologists (SCA) clinical practice guidelines indicate red blood cell (RBC) transfusion in patients with uncontrolled blood loss or who have lost >1500 ml or ≥30% of the total blood volume regardless of HMG levels. Patients with chronic cardiovascular/pulmonary disease or HBG ≤7.0 g/dl (≤6.0 g/dl if on cardiopulmonary bypass) should also receive packed RBC. Patients with HBG ≥10 g/dl actually do worse when given blood products. There are no clear benefits or consequences of transfusing patients with HBG levels between 7 and 10 g/dl [9, 10] . By their own admission, these STS/SCA 'transfusion triggers' are based on very limited studies and require further objective investigation [9, 10] . There is no randomized prospective trial in cardiac surgery, but there is one randomized trial in critical care patients conducted by Hebert et al. [11] . This study found that transfusion was associated with a higher rate of in-hospital mortality. In addition, they found that using a transfusion trigger of <7 g/dl was associated with increased survival over HMG <10 g/dl.
A recent study has demonstrated a marginal change in transfusion rates since the publication of the guidelines [12] . Furthermore, Varghese and colleagues found that, in a recent survey of several American and Canadian anesthesia and perfusion societies, only 22% of anaesthesiologists and 33% of perfusionists had read the guidelines. Sadly, only 20% of institutions had acknowledged the guidelines [13] . These facts likely explain the variation with regards to blood utilization, which may vary significantly across different institutions. For example, the transfusion rates in CABG patients span from 7.8 to 92.8% for packed RBCs, 0 to 97.5% for fresh-frozen plasma and 0.4 to 90.4% for platelets in the USA [14] . Studies have shown that patients are more likely to be transfused during a combination of CABG and valvular surgery or when the procedure involves the use of cardiopulmonary bypass compared with those undergoing an isolated procedure or an off-pump operation. However, it is important to note that increased complication and mortality rates were seen in all transfused patients regardless of the type of surgery [3] .
The purpose of this study was to evaluate the impact of blood transfusion use during hospitalization on in-hospital and 30-day mortalities in propensity-matched cardiac surgery patients stratified by the preoperative HCT levels.
MATERIALS AND METHODS

Patient demographics and propensity matching
From July 2007 to June 2011, 3516 consecutive patients underwent cardiac surgery at The Valley Columbia Heart Center. There were no exclusion criteria. A retrospective analysis determined that 1922 patients received blood products during the time between the initiation of surgery to discharge (typically 5-7 days) and were included in the cohort. Patients receiving blood products were found to be older, with higher rates of diabetes, peripheral vascular disease (PVD), myocardial infarction (MI) history, renal failure, New York Heart Association (NYHA) Class III-IV heart failure, more severe coronary disease, ejection fraction <35%, more likely to be having a reoperation and more urgent presentation (all significant at P < 0.001 level).
Propensity matching was selected as a method to provide a more valid comparison between the groups. Propensity scores representing the estimated probabilities of patients receiving blood transfusion were developed from a logistic regression model. This model was based on 22 observed baseline covariates that included gender, age, body mass index, diabetes, smoking, hypertension, dyslipidaemia, number of diseased coronary vessels, PVD, presence of heart failure, NYHA Class, history of stroke, chronic lung disease, MI history, renal failure, left main disease, left ventricular ejection fraction, creatinine, cardiogenic shock presentation, type of surgery, urgent status and reoperation surgery. Most of these variables are factors that have been used by the STS in risk models for mortality and complications. A logistic regression model with these factors as covariates and the transfusion status as the dependent variable was performed. The nearest-neighbor-matching algorithm with Greedy 5-1 Digit Matching was employed to find as many 1:1 matches between the transfusion and non-transfusion groups based on the propensity scores to produce two balanced patient cohorts. Of the original cohort of 3519 patients, 1714 were matched: 857 in the transfused group (TG) and 857 in the non-transfused control group (CG). Univariate analyses demonstrated that, after propensity matching, the groups did not differ on any baseline factors (Table 1) or surgical procedures performed (Table 2) aside from the CG having a significantly higher incidence of off-pump surgeries. In addition, the STS mortality risk score was calculated for each group and was not statistically different (TG = 2.7 vs CG = 2.5%; P = 0.107). The transfused and non-transfused patients presented with similar admission medications (Table 3 ). There were no statistically significant differences between the groups. Patients discontinued platelet inhibition therapy prior to surgery. Platelet function was evaluated using the VerifyNow P2Y12 assay (Accumetrics, San Diego, CA, USA) to determine the timing of procedure. At our institution, we use a platelet inhibition <20% as the safe threshold for surgery unless the procedure is a surgical emergency.
Data collection and statistical analysis
Data were collected and stored in a database certified by the STS. All variables were defined and coded using standards endorsed by the STS. Mortality was defined using the STS standard definition of operative mortality as death within 30 days of surgery. Pre-and postoperative HCTs were compiled for both the transfused and non-transfused patients. Patients were stratified by the HCT level into four groups: <36, 36-39, 40-42 and ≥43%. The use of HCT and these groupings was based on the work of DeFoe et al. [15] .
Categorical data are expressed as proportions. Univariate statistical tests for continuous data included tests of mean differences using the Student's t-test. Categorical variables were analysed using the χ 2 test. Multivariate logistic regression was used to evaluate the association between baseline characteristics, transfusion, HCT levels, cross-clamp time pump use and 30-day mortality. A P-value <0.05 was used to determine the statistical significance of all tests used. Analyses were performed using the SPSS statistical software package version 19.0 (IBM/SPSS, Inc., Chicago, IL, USA).
RESULTS
After propensity matching for baseline risk characteristics, patients receiving transfusions had a higher rate of all postoperative complications with the exception of deep sternal wound infection (Table 4 ). To address the potential confounding effect of reoperation for bleeding, the results were reanalysed removing those 57 patients obtaining similar patterns that were also statistically significant. When postoperative complications were assessed by the four-level HCT grouping, the lowest level (<36) TG patients had significantly more postoperative complications and 30-day mortality than CG patients (Table 5 ). In the 36-39 HCT range, there were no differences in postoperative complications, comparing TG and CG patients. Operative mortality was similar between TG (1.1%, N = 180) and CG (0.8%, N = 361) patients (P = 0.748). All deaths occurred in the postoperative period except for one. In the case of the intraoperative death, the patient arrived at the hospital with an advanced ruptured Type A aortic dissection with malperfusion syndrome. There were no other intraoperative deaths in the TG or CG groups. For presurgery HCT levels between 40 and 42, there were more complications in the TG group and a significantly higher rate of mortality (1.9 vs 0.0%; P = 0.044) compared with CG patients. For HCT of ≥43, there was a significantly higher rate of perioperative MI and stroke in the TG group and a trend towards higher operative mortality compared with the CG (2.0 vs 0%; P = 0.083). Discharge HCT (Table 6 ) was remarkably similar across all groups. Figure 1 shows the relationship between different HCT groups and the rates of transfusion CG and TG. There was a significant difference between CABG patients when stratified by cardiopulmonary bypass status, with more off-pump CABGs comprising the CG than TG (49.2 vs 34.5%, P < 0.0001). Overall, of the total isolated CABG, 82% were performed off pump, and 41% of all off-pump CABGs were transfused. Separate analyses of outcomes for on-pump and off-pump groups were consistent with the overall results. Otherwise, the remaining groups were within 2% of each other. The logistic regression analysis (Table 7) showed several factors to be associated with an increased risk of death: renal failure (25-fold), transfusion (7-fold), cross-clamp time >89 min (5-fold), NYHA Class III/IV (5-fold) and preoperative HCT >43 (2.5-fold). Non-significant variables in the model included age, gender, left ventricle ejection fraction, surgical acuity, type of surgery, off pump, left main disease, smoking, preoperative elevated lipids, reoperative status and body mass index.
DISCUSSION
In our study, we could not find any benefits associated with a broad use of blood transfusion. In fact, we reaffirmed the negative effects associated with the administration of blood products. Compared with a recent paper by Bhaskar et al. [16] , both studies showed that transfusions were associated with increased short-term mortality, postoperative MI, new onset arrhythmias, stroke and organ failure. Uniquely, the current study found that there was an association between the use of blood products 
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with complications and operative mortality that existed across higher HCT levels. Furthermore, the Bhaskar et al. [16] paper focuses primarily on long-term follow-up, which is not the focus of our current study. Our analysis showed that transfusing patients with preoperative HCT >42 placed them at a 2.5-fold increase risk of mortality independent of other factors. For HCT 36-39, operative mortality was similar between TG and CG, whereas for HCT 40-42 operative mortality was significantly higher in the TG compared with that in the CG. For HCT of ≥43, there was a trend towards higher operative mortality in the TG vs the CG. Other surgical complications followed the same pattern, with higher rates found in the transfused group at higher preoperative HCT levels. It is indisputable that, in some situations such as haemorrhagic shock, a transfusion can be the difference between life and death. However, most transfused patients in cardiac surgery are generally not in haemorrhagic shock. Transfusions are commonly given to patients to treat post-surgical anaemia with the expectation that it will help improve patient recovery [16] . However, the body is remarkably well-adapted to handle anaemia.
A tolerance of anaemia varies greatly among patients and is dependent on a multitude of variables [4] . In healthy patients, HMG levels of 6-7 g/dl and HCTs of 15-20% are sufficient to maintain proper tissue oxygenation [17] . In fact, only at HMG levels ≤5 g/dl was there an appreciable increase in mortality for cardiac patients. Furthermore, HCT values ≤14% for low-risk and ≤17% for high-risk patients were shown to predict mortality [18] . Physiologically, the average HMG level for anaemia-induced mortality is 2.5 g/dl; however, it is likely higher in cardiovascular patients [19] . This ability to survive, despite low HMG levels, is likely due to the existence of many different anaemia-coping mechanisms in the human body [4] . In low-oxygen situations, the cells promote increased erythropoiesis, angiogenesis and anaerobic metabolism. The lungs also release more nitric oxide, increase the respiration rate in order to raise the partial pressure of blood oxygen and therefore increase HMG oxygen (Hb-O 2 ) saturation. Furthermore, the body increases cardiac output, blood viscosity, systemic vasodilatation and increased venous return to promote tissue oxygenation. Oxygen extraction increases in the most vital organs such as the brain and the heart. Through these compensatory mechanisms, the human body is remarkably well equipped to handle anaemia. The higher rates of complications and mortality seen in our TG patients could be, in part, related to the transfused blood products interfering with the body's natural mechanisms for handling anaemia.
Recently, a panel of experts evaluated a series of common hypothetical clinical scenarios using evidence from published literature, concluding that the transfusion of blood products is either uncertain or unlikely to improve outcomes in a large number of common hypothetical clinical scenarios [20] . Strict blood-conservation programmes have been shown to successfully reduce the use of blood products and lower complication rates [1, 13, 21, 22] . The likelihood of transfusion is decreased when there is a surgical team (when compared with a single surgeon) and when the surgeon adheres to the STS/SCA transfusion guidelines. Furthermore, studies involving Jehovah's Witnesses show that these patients can safely undergo cardiac surgery without an increased risk of complications or mortality [23] . Although RBC administration is the fasted method to raise HMG levels, the effects of transfusions on muscle oxygenation and microvascular activity are inconsistent and unpredictable [4, 24] .
We were surprised to discover that the average patient was discharged with a HCT between 27 and 30%, regardless of preoperative HCT. This suggests that physicians at our institution are transfusing patients partially based on what they perceived to be an acceptable target HCT level. This highlights how the decision to use blood products can be influenced by a physician's preconceived notions and attitudes as much as the patient's medical condition. Furthermore, at our institution, the surgeon, cardiologist and intensivist can all prescribe a blood transfusion for a patient, so there is the potential for three different strategies to manage anaemia throughout the patient's recovery. Given the well-documented risks of transfusion, doctors must decide if the patient's natural processes are enough to compensate for the anaemia, or if the patient truly needs blood products.
On a larger scale, the surgical community may want to reconsider the strategy for treating postoperative anaemia. While there is a mounting amount of published observational data linking transfusion to adverse outcomes, the only prospective randomized trial for transfusion for anaemia was published in 1999 by Hebert et al. [11] . This study only looked at patients in a critical care setting, so there are no randomized trials in the realm of surgery, let alone cardiac surgery. This study is not an attempt to change the blood transfusion guidelines; what we are trying to do with this study is to shed light on the potential complications associated with blood transfusions. It is our hope that these data demonstrate a definite need for a contemporary study delineating the risks and benefits of transfusing patients.
Given the successes seen with institutional blood-conservation programmes and in the Jehovah's Witness community, there is overwhelming data showing that cardiac operations can be safely carried out with strict transfusion guidelines. By using the STS guidelines as guide and implementing a universal point-of-care testing using VerifyNow when patients are on antiplatelet therapy, we have significantly reduced the rate of blood transfusion at our institution in the last 5 years. To further enhance the reduction in blood utilization, we are in the process of implementing a unified approach under single clinical leadership to reduce variance in blood transfusion. There will always be situations (e.g. haemorrhagic shock) that may require immediate transfusions. Given the results of our study in combination with the vast amount of literature on the risks associated with transfusion, physicians should be more fastidious when considering whether to administer blood products in patients undergoing cardiac surgery.
Limitations
In this study, we were limited in our ability to control for unexpected intraoperative events that could have increased complications at the time of the surgical procedure. Clearly, these have a direct effect on patient outcomes and in many instances, are accompanied by the need for blood transfusions. Furthermore, this study was conducted at a single medium-sized hospital. Results may have manifested differently in larger or smaller institutions, but steps were taken (e.g. large sample size, propensity matching) to minimize bias without compromising the goal or integrity of the study. The triggers for transfusion at our institution are in line with STS guidelines, which call for blood transfusion with HMG <7, haemorrhagic shock, >1500 cc blood loss and haemodynamic instability. At our institution, blood transfusion management is tightly controlled by our intensivists while our patients are in the ICU, which is usually for <24 h. After this period, management of the patient is shared by Cardiology and Cardiac Surgery, which could lead to some variability in the criteria used to indicate the need for blood transfusion. Our institution is working on approaches to better standardize this process.
Recently, Dixon et al.
[25] published the data that showed chest tube output to be the strongest predictor of postoperative mortality. Furthermore, this study only used chest tube output from the first 24 h post-surgery. Our project looks at all blood products administered in the intra-and postoperative period; therefore, if we followed the Dixon model, we would be presenting a variable that only covers a small window into the time period at which we are looking. In addition, we did not set out to examine the need for transfusion, but to investigate the shotterm effects of transfusion.
Our study, like most other published in the literature, simply describes the association in our cohort between blood transfusion and unfavourable outcomes. This does not imply a direct causation effect between transfusion and poor outcomes. Causation can only be determined through the design of a randomized prospective trial due to the multitude of factors influencing patient outcomes and the motivation behind the use of blood transfusion.
CONCLUSIONS
Patients who receive blood at higher HCT levels may be placed at the increased risk of operative mortality and other surgical complications. This finding is true even considering other patient characteristics and the complexity of the procedure being done, as demonstrated by our multivariate analysis. Patients with preoperative HCT >42 who received blood are placed at a 2.5-fold increase risk of mortality independent of other factors.
Our results indicate that there was a lack of benefit of transfusing patients at all HCT levels. Furthermore, the administration of blood products may increase a patient's risk of operative mortality and/or other surgical complications. Even though patients with low HCTs theoretically should benefit the most from a blood transfusion, transfusion was still associated with a higher complication and mortality rate in these patients. Better patient outcomes may be achieved by the judicious use of blood transfusion and carefully managing cardiac surgical patients using a conservative approach. 
APPENDIX. CONFERENCE DISCUSSION
Dr M. Petricevic (Zagreb, Croatia): A propensity score for transfusion was developed based on 22 baseline variables. The univariate analysis demonstrated that after propensity matching, the groups did not differ on any baseline factors or surgical procedures performed, aside from the control group having a significantly higher incidence of off-pump surgeries. The use of cardiopulmonary bypass certainly affects clinical as well as transfusion outcomes, especially in the group of patients with low values of preoperative haematocrit. Therefore, it would be interesting to evaluate whether exclusion of patients undergoing OPCAB procedures would influence the results. The second point, the data concerning bleeding extent assessment, such as postoperative chest tube output, are lacking. The fact that chest tube output may in itself be harmful should be considered. Excessive bleeding is inevitably associated with blood product transfusion and may, by itself, influence clinical outcome. So the inclusion of chest tube output in propensity matching would probably bring clearer evidence on the relationship between blood transfusion and clinical outcomes.
And finally I have a few short questions. Were antiplatelets discontinued prior to surgery, or were they continued up to the date of surgery? And were some patients preoperatively exposed to dual antiplatelet therapy? Concerning transfusion, do you have transfusion triggers for each blood component therapy? And in your opinion, does the number of packed red blood cell units transfused make a difference regarding clinical outcomes rather than transfusion of packed red blood cells in the form of binary variables?
And, finally, I agree with you that blood component transfusion should be used judiciously in cardiac surgery, but in my opinion, the restrictive transfusion triggers are probably not enough to improve clinical outcome.
Dr Grau: I appreciate your many questions, which I hope I am going to remember. I am going to start by answering the last question; I will then try to deal with the other ones in order.
The answer to the last question, whether the patients were on dual antiplatelet therapy prior to the operation, is, yes, many of them were. The dual antiplatelet therapy was discontinued prior to the operation in all cases. In our institution we use a point-of-care testing called VerifyNow, so the patients only go to the operating room when platelet inhibition is at or below 20%. So we do wait, but we do not wait a specific number of days. We wait, based on the VerifyNow results, to make the decision to operate in order to better time the surgical intervention. So probably that answers your last question.
I believe the fifth question was whether the chest tube output would have improved the quality of this study. There is no question that is true, but the manpower that is required to do that, because it is not recorded easily in our system, was not there. But we did something else, to answer your question; we looked at the patients who went back for surgery for bleeding. I think we all can agree that if the patient has to go back to the operating room for bleeding, it is likely that your pleural bags are going to be full of blood, right? So there were 57 patients out of an entire cohort of 1700 cases that required to go back to the operating room. That is around 3%. We removed those 57 patients from the propensity match analysis and the results were identical. I think that answers your third or fourth question.
Then I am going to go to the off-pump/on-pump question. That is a very important question. The off-pump was not included in the initial design of the logistic regression analysis, but I did the analysis afterwards because I knew that was going to be a question that the reviewer would raise, and these are the numbers: 82% of the cases were done off-pump, and within that group of 82%, 40-something percent of the patients were transfused. Then we did the multivariate logistic regression analysis. Off-pump was introduced into the model to see if, by a multivariate analysis, that had an impact, and it did not have any impact. So I think that answers the second question. And to be honest with you, I forgot the first question.
Dr Petricevic: Yes. I have got one more question regarding transfusion. Do you have a specific transfusion treatment?
Dr Grau: Yes. This is the problem. We do have, and I think Dr Whitman -I do not know if he is here? You are there, yes. Everything is very tightly controlled at our institution throughout the intraoperative and immediately postoperative period until the patient leaves the ICU. The patient stays in our ICU for no more than 24 h; actually, it is less than 24 h in most cases. And then there is this situation where cardiology and cardiac surgery share the beauty of managing the patients postoperatively. And there is where I think we could control the decision to transfuse in a better way because I think there is a lack of communication, and I am very interested in speaking with Dr Whitman about this after this talk.
And then I think you asked something else that I wanted to answer. Dr Petricevic: Do you use thromboelastography for transfusion? Dr Grau: No. We use the VerifyNow. We do not use the thromboelastogram, no.
Dr Petricevic: Only for preoperative assessment of platelet function or intraoperatively?
Dr Grau: Correct. No, we do not use the thromboelastogram in the operating room. We just use the VerifyNow preoperatively. And the trigger for us in the ICU, I think that is the answer to your question, is a haemoglobin of 7 or below for transfusion. We read with great interest the article 'Balancing the benefits and risks of blood transfusions in patients undergoing cardiac surgery: a propensity-matched analysis' by Shaw et al. [1] . The authors concluded that blood transfusion should be used judiciously in cardiac surgery patients.
Anaemia is a frequent complication after cardiopulmonary bypass surgery and it is necessary to continue research directed to the creation of effective methods of anaemia correction to reduce the need for blood transfusions. At the same time, anaemia in patients after cardiac surgery treatment is a predictor of postoperative complications and is a risk factor for mortality [2] . Twenty percent of blood transfusions are related to cardiovascular surgery, approximately 10% of them to patients undergoing a combination of coronary artery bypass grafting (CABG) and valve surgery. Blood transfusion is dangerous with regard to in-hospital mortality, morbidity and long-term survival. Blood transfusion is frequently used as a volume expander while simultaneously increasing the haematocrit. Transfusions have been associated with increased mortality after cardiac surgery [3] . Transfusion is an independent, dose-dependent risk factor for early mortality after revascularization. Patients who received no blood transfusion or only one unit blood transfusion were not at risk for long-term outcome [4] . Compared to expected survival, no transfusion improves the patient's long-term survival, whereas receiving three or more units of transfusion significantly decreases the patient's survival [5] . Finally, factors such as pneumonia, prolonged ventilation and operation time are associated with increased morbidity and mortality rates in patients undergoing CABG. Further studies on these factors in patients with CABG are needed.
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